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APOLLO 1 0  (MISSION F) VEHICLE AND TRAJECTORY RESPONSE 

TO THE CSM POWERED FLIGHT MANEUVERS 

By James L .  Wells,  Jr. 

1.0 SUMMARY 

These s imula t ions  were generated t o  determine what t y p i c a l  response 
could be expected on t h e  onboard d i sp lays ,  DSKY d i s p l a y s ,  and ground 
t r a j e c t o r y  d i sp lays  during each SPS burn. 

For each maneuver, t h e  primary guidance system ( G & N )  performed t h e  
maneuver and drove t h e  FDAI-1. The SCS system was a l i n e d  at t h e  
beginning of each burn and drove t h e  FDAI-2 during t h e  burn f o r  monitor ing 
purposes .  For each SPS maneuver, t ime h i s t o r i e s  a r e  presented  f o r  SPS 
engine ang le s ,  veh ic l e  body r a t e s ,  IMU gimbal ang le s ,  a t t i t u d e  ang le s ,  
SCS rates,  SCS a t t i t u d e s  and a t t i t u d e  e r r o r s ,  tGO, VGo, V 

i n  c o n t r o l  coord ina tes ,  EMS decremented A V ,  c ross -ax is  v e l o c i t y  e r r o r s ,  
p red ic t ed  apogee and pe r igee ,  a l t i t u d e ,  and V .  versus  y 

components 
g 

1 i '  

Each burn i s  discussed sepa ra t e ly  t o  expla in  t h e  c h a r a c t e r i s t i c  
responses  t h a t  a r e  shown i n  t h e  f i g u r e s .  The d i scuss ion  a l s o  inc ludes  
an explana t ion  of t h e  v e l o c i t y  r e s idua l s  at t h e  end of each burn.  

2.0 INTRODUCTION 

t 

The i n t e n t  of t h i s  document i s  t o  present  t i m e  h i s t o r i e s  of t h e  
G&N c o n t r o l  response t h a t  dr ives  t h e  FDAI-1, t h e  DSKY parameters  t h a t  are 
genera ted  during and a f te r  t h e  burn, t h e  SCS monitoring parameters  avail- 
able on FDAI-2, and t h e  t r a j e c t o r y  parameters t h a t  can be monitored on 
t h e  ground. The updated DAP as def ined  i n  r e fe rence  1 w a s  used f o r  t h i s  
s tudy .  

These t r a j e c t o r y  s imulat ions were i n i t i a t e d  by use  of t h e  opera t iona l  
r e fe rence  t r a j e c t o r y .  These six-degree-of-freedom cases  s imula ted  t h e  
G&N guidance and c o n t r o l  system, t h e  SCS system, and t h e  EMS system. 
These s imula t ions  d i d  not  contain s l o s h  and bending e f f e c t s .  Each t ime 
h i s t o r y  f i g u r e  represented  i n  t h i s  document i s  re ferenced  t o  SPS i g n i t i o n  
f o r  t h a t  p a r t i c u l a r  burn.  
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Each maneuver cons i s t ed  of t h e  fol lowing sequence. 

a. Coast 

b .  Guidance precomputation 

c .  Realinement and r e o r i e n t a t i o n  

d .  Average g ON at tIG = 30 seconds 

e .  SPS burn 

The IMU w a s  a l i n e d  so  t h a t  t h e  FDAI-1 read  Oo, Oo, Oo (roll, p i t c h ,  
and yaw) a t  SPS i g n i t i o n  ( p r e f e r r e d  a l inemen t ) ,  and t h e  SCS w a s  a l i n e d  so 
t h a t  FDAI-2 read Oo, Oo, 0' ( r o l l ,  p i t c h ,  and yaw) from t h e  BMAG's a t  
SPS i g n i t i o n .  
t h e  d i sp lays  d i d  not  show any deadband e r r o r s  a t  SPS i g n i t i o n  as i n  
previous s t u d i e s .  
+0.3' i n  yaw w a s  a p l l i e d  t o  t h e  SPS engine p i t c h  and yaw angles  t ha t  
appear i n  t a b l e  I.  
re ference  2 .  

Because no RCS u l l a g e  w a s  s imulated be fo re  t h e  SPS maneuver, 

An i n i t i a l  SPS engine m i s t r i m  of +0.3' i n  p i t c h  and 

The weight and balance d a t a  were obta ined  from 

I n  t h e  f i g u r e s  a r e  presented  t ime h i s t o r i e s  of parameters t h a t  are 
a f f e c t e d  by SPS engine misalinement,  o f f s e t  cen te r  of g r a v i t y ,  r o t a t i o n a l  
dynamics, and c o n t r o l  system co r rec t ions .  
and t a r g e t s  before  t h e  maneuvers are presented  i n  t a b l e  I ,  and t h e  
r e s u l t a n t  condi t ions a f t e r  t h e  maneuvers a r e  presented  i n  t a b l e  11. 

The t r a j e c t o r y  parameters.  

3.0 ABBREVIATIONS 

BMAG body mounted a t t i t u d e  gyro 

CSM command/service modules 

DAP d i g i t  a1 au top i lo t  

DS Ky d i sp l ay  keyboard 

EMS en t ry  monitoring system 

FDA1 - 1 f l i g h t  d i r e c t o r  a t t i t u d e  i n d i c a t o r ,  command p i l o t  

FDAI-2 f l i g h t  d i r e c t o r  a t t i t u d e  i n d i c a t o r ,  CSM p i l o t  

G&N guidance and naviga t ion  
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IMU 

LOI-1  

LOI-2 

RCS 

scs 

SPS 

T E I  

TVC 

.?GO 

t I G  

V components 
g 

'GO 

vi 

AV 

'i 

i n e r t i a l  measurement u n i t  

l una r  o r b i t  i n s e r t i o n  maneuver 

c i r c u l a r  i z a t  ion maneuver 

r e a c t i o n  con t ro l  system 

s t abi  li z at  ion  con t ro l  system 

se rv ice  propuls ion system 

t r a n s e a r t h  i n j e c t i o n  

t h r u s t  vec to r  con t ro l  

time t o  go 

t i m e  of SPS i g n i t i o n  

v e l o c i t y  i n  con t ro l  coord ina tes  

t o t a l  v e l o c i t y  t o  go 

i n e r t  i a1 v e l o c i t y  

v e l o c i t y  change 

i n e r t i a l  f l i gh t -pa th  angle  

4.0 SPS BURN PARAMETERS 

4 . 1  Evasive Maneuver 

.' 
The evasive maneuver c o n s i s t s  of  a 19.68-fps burn t o  move t h e  CSM/LM 

away Prom t h e  boos te r .  
i n  p i t c h  and 0.3O i n  yaw ( r e f .  3 ) .  Because an RCS u l l a g e  i s  not  r equ i r ed ,  
t h e  v e h i c l e  body ra tes ,  t h e  IMU gimbal ang le s ,  and t h e  a t t i t u d e  e r r o r s  a r e  
a l l  zero  a t  SPS i g n i t i o n .  Ninety pe rcen t  of f u l l  t h r u s t  i s  reached i n  
0.42 second, and t h e  f i r s t  DAP output does not  occur u n t i l  0.66 second. 
When t h e  TVC DAP comes on, it uses t h e  i n i t i a l  veh ic l e  a t t i t u d e  as a 
r e fe rence  p o i n t  t o  maintain a t t i t u d e  c.ontro1 and d r i v e s  t h e  SPS engine 

The SPS engine i n i t i a l l y  i s  mistrimmed by 0.3" 
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[ f i g .  l ( a ) ]  t o  damp out t h e  body rates [ f i g .  l ( b ) ] .  For t h e  s m a l l  A V ,  
t h e  onboard computer executes t h i s  maneuver w i t h  t h e  s h o r t  burn l o g i c ,  
and t h e  guidance does not  have enough t i m e  t o  i s s u e  a s t e e r i n g  command 
be fo re  SPS cu to f f .  
[ f i g .  l ( c ) ]  and a t t i t u d e  e r r o r s  [ f i g .  l ( d ) ]  cont inue t o  inc rease  s l i g h t l y  
u n t i l  c u t o f f .  The a t t i t u d e  e r r o r s  a t  cu to f f  were as fo l lows:  
p i t c h  = -0.14', and yaw = -0.13'. 

The body rates remain s m a l l ,  bu t  t h e  IMU gimbal angles  

roll = 0 . 0 6 ' ~  

The SCS rates [ f i g .  l ( e ) ] ,  a t t i t u d e s  [ f i g .  l ( f ) l ,  and a t t i t u d e  
e r r o r s  [ f i g .  l ( g ) ]  do not cause any no t i ceab le  d i f f e r e n c e s  i n  t h e s e  
s h o r t  burns because guidance i s  not  involved.  The G&N body rates and 
t h e  SCS body rates a r e  obtained from t h e  same source .  

[ f i g .  l ( h ) ]  i s  made i n  t h e  guidance precomputation and i s  not  updated 
because of t h e  s h o r t  evasive burn.  c a l c u l a t e d  by t h e  

onboard computer) i s  shown i n  f i g u r e  l ( i ) ,  and t h e  V ' s  i n  c o n t r o l  
g 

coord ina tes  are shown i n  f i g u r e  l(j). 

approaches zero at cu tof f  ( t a i l o f f  no t  shown i n  f i g u r e s ) .  
t h e r e  w a s  a v e l o c i t y  e r r o r  of  only 0.12 fps  ( t a b l e  11). 

The tGO c a l c u l a t i o n  

The VGo ( t h e  V 
g 

These f i g u r e s  show t h a t  V 
g 

Af te r  t a i l o f f ,  

The EMS AV counter w a s  s imulated dur ing  each burn ,  and t h e  r e s u l t s  
f o r  t h i s  maneuver a r e  shown i n  f i g u r e  l ( k ) .  
loaded  i n t o  the  AV counter and w a s  monitored during t h i s  burn.  

The d e s i r e d  v e l o c i t y  w a s  

The cross-axis  v e l o c i t y  t h a t  i s  shown i n  f i g u r e  l(1) i s  an 
e x t e r n a l  method (no t  onboard computer) used t o  determine t h e  v e l o c i t y  
e r r o r s  normal t o  t h e  des i r ed  t h r u s t i n g  d i r e c t i o n  t h a t  a r e  c rea t ed  during 
t h e  evas ive  maneuver. 
approximately 0.17 f p s  a t  c u t o f f .  The a c c e l e r a t i o n  of t h i s  heavy v e h i c l e  
i s  so  s m a l l  t h a t  t h e  m i s t r i m  has very  l i t t l e  e f f e c t  on t h e s e  s h o r t  burns .  
The ca l cu la t ed  o r b i t a l  parameters ( e a r t h  r e f e r e n c e )  are shown i n  
f i g u r e s  l(m), l ( n ) ,  and l(o). 

For t h i s  burn ,  t h e  cross-axis  v e l o c i t y  e r r o r  i s  

4.2 Midcourse Correct ion Maneuver 

The second CSM/LM SPS burn i s  G&N con t ro l l ed  wi th  a t o t a l  e x t e r n a l  
AV t a r g e t  o f  56.97 f p s .  
midcourse co r rec t ion  burn. 
p i t c h  and 0.3' i n  yaw and t h e  SPS engine s tar ts  t o  damp ou t  t h e  rates 
t h a t  s tart  t o  b u i l d  up [ f i g .  2 ( a ) ] .  
veh ic l e  body r a t e s  a r e  shown i n  f i g u r e  2 ( b ) .  
damped out by 2 seconds,  and t h e  rates a r e  reversed  a t  approximately 
4 . 5  seconds before  be ing  nu l l ed  t o  a cons tan t  ra te  at c u t o f f .  
gimbal angles  [ f i g .  2 ( c ) ]  and t h e  a t t i t u d e  e r r o r s  [ f i g .  2 ( d ) ]  r e f l e c t  
t h e  e f f e c t  of t h e  i n i t i a l  m i s t r i m .  The m a x i m u m  a t t i t u d e  e r r o r  occurred 
a t  approximately 6 seconds wi th  a p i t c h  reading  of -0.42O and a yaw 
reading of -0.46'. 

No u l l a g e  maneuvers are r equ i r ed  f o r  t h e  
The SPS engine i s  i n i t i a l l y  misa l ined  0 . 3 O  i n  

The e f f e c t s  of t h e  SPS engine on t h e  
The i n i t i a l  ra tes  are 

The IMU 

b 



4.3 F i r s t  Lunar Orbi t  I n s e r t i o n  Maneuver ( L O I - 1 )  

The t h i r d  SPS burn i s  a CSM/LM G&N con t ro l l ed  maneuver t h a t  w i l l  
p l ace  t h e  v e h i c l e  i n t o  a lunar o r b i t .  This maneuver r e q u i r e s  a t o t a l  
e x t e r n a l  AV t a r g e t  of 2978.36 f p s ,  and a burn du ra t ion  of approximately 
361.4 seconds. 

5 

Monitoring t h e  FDAI-2 [ f i g s .  2 ( e ) ,  2 ( f ) ,  and 2 ( g ) 1  i n d i c a t e d  t h a t  

The f irst  and only t [ f i g .  2 ( h ) 1  i s  c a l c u l a t e d  at 4 seconds.  It 

t h e  G&N w a s  performing normally. 

GO 
i s  not updated a t  6 seconds because t 

a t  8.26 seconds. 
decremented from i g n i t i o n  u n t i l  cu to f f .  
c o n t r o l  coord ina tes  i s  presented  i n  f i g u r e  2 ( j )  which shows t h a t  most of 
t h e  V i s  i n  t h e  X coord ina te .  The EMS decreases  t h e  d e s i r e d  v e l o c i t y  

a long t h e  X-body axis [ f i g .  2 ( k ) ]  from SPS t h r u s t  bu i ldup  through 
t a i l o f f .  This system i s  a l s o  used t o  determine whether t h e  G&N i s  
performing e f f i c i e n t l y .  

< 4 seconds,  and c u t o f f  occurs 

The v e l o c i t y  t o  be gained i n  

GO - 
The t o t a l  ve loc i ty  t o  be gained [ f i g .  2 ( i ) ]  i s  

g 

The t o t a l  cross-axis  v e l o c i t y  e r r o r  w a s  computed and i s  presented  
i n  f i g u r e  2 ( 1 ) .  
t h i s  burn,  t h e  e f f e c t  w a s  not  s u f f i c i e n t  t o  n u l l  t h e  cross-axis  v e l o c i t y  
e r r o r  t h a t  w a s  s t i l l  i nc reas ing  s l i g h t l y  a t  c u t o f f .  

Because only one s t e e r i n g  command w a s  genera ted  dur ing  

The fol lowing o r b i t a l  elements are presented :  p r e d i c t e d  apogee and 
pe r igee  [ f i g .  2(m)3, a l t i t u d e  [ f i g .  2 ( n ) ] ,  and i n e r t i a l  v e l o c i t y  versus  
i n t e r t i a l  f l i g h t - p a t h  angle  [ f i g .  2 (  0 )  3 .  

The SPS engine angles  [ f i g .  3 ( a ) ]  r e f l e c t  t h e  i n i t i a l  m i s t r i m ,  i t s  
c o r r e c t i o n ,  and t h e  t r ack ing  of  t h e  c .g .  u n t i l  c u t o f f .  The e f f e c t s  of 
t h e  i n i t i a l  m i s t r i m  can be seen during t h e  f irst  20 seconds of  t h e  veh ic l e  
body rates [ f i g .  3 ( b ) ] .  Af te r  t h a t  t ime,  t h e  r a t e s  a r e  reduced and remain 
n e g l i g i b l e  through c u t o f f .  The IMU gimbal angles  [ f i g .  3(  c )  1 show t h e  
i n i t i a l  m i s t r i m  e f f e c t  and t h e  turn ing  of t h e  veh ic l e  t o  keep t h e  t h r u s t  
v e c t o r  through t h e  moving Z c .g .  t o  meet t h e  t a r g e t  cond i t ions .  The 
m a x i m u m  p i t c h  and yaw a t t i t u d e  e r r o r  [ f i g .  3 ( d ) ]  w a s  -0.41' i n  p i t c h  
and -0.45' i n  yaw. 

The SCS rates [ f i g .  3 ( e ) 1 ,  a t t i t u d e s  [ f i g .  3 ( f ) l ,  and a t t i t u d e  
e r r o r s  [ f i g .  3 ( g ) ]  d r i v e  t h e  FDAI-2 and g ive  approximately t h e  same 
r e s u l t s  as t h e  G&N. 

The f i rs t  good tGO occurs  a t  4 seconds and then  i s  updated every 

2 seconds u n t i l  t < 4 seconds [ f i g .  3 ( h ) ] .  The V i s  shown i n  GO - GO 
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f i g u r e  3 ( i ) ,  and t h e  v e l o c i t y  components are shown i n  f i g u r e  3 ( j ) .  
The des i r ed  AV w a s  input  i n t o  t h e  EMS, and t h e  r e s u l t s  are shown i n  
f i g u r e  3 ( k ) .  
m a x i m u m  of 0.68 fps  at 8 seconds and then  went t o  zero  at cu tof f  
(361.38 s e c ) .  
parameters a re  shown i n  f i g u r e s  3(m),  3 ( n ) ,  and 3 ( 0 ) .  

The cross-axis  v e l o c i t y  e r r o r  [ f i g .  3 ( 1 ) I  reached a 

The e f f e c t s  of t h e  SPS burn on s e l e c t e d  t r a j e c t o r y  

4 . 4  C i r c u l a r i z a t i o n  Maneuver (LOI-2) 

The four th  SPS burn i s  a l s o  a CSM/LM docked burn wi th  an e x t e r n a l  
AV t a r g e t  of 138.5 f p s  and a burn du ra t ion  of  1 4 . 4 5  seconds.  
designed t o  c i r c u l a r i z e  t h e  luna r  o r b i t  a t  approximately 58 n .  m i .  

It i s  

The SPS engine i s  misal ined 0.3' i n  p i t c h  and 0.3O i n  yaw f o r  
t h i s  burn a l s o .  Correct ions made by t h e  SPS engine f o r  t h i s  i n i t i a l  
e r r o r  are shown i n  f i g u r e  4 (a) .  
t h i s  burn;  t h e r e f o r e ,  l a r g e r  body a t t i t u d e  r a t e s  are obta ined  f o r  
LOI-2 than  were obta ined  f o r  t h e  previous burns [ f i g .  4 ( b ) ] .  The 
m a x i m u m  r a t e s  reached are 0.27 deg/sec p i t c h  and 0.28 deg/sec f o r  yaw. 
The IMU angles show t h e  e f f e c t s  of  t h e  i n i t i a l  m i s t r i m  i n  f i g u r e  4 ( c ) .  
The a t t i t u d e  e r r o r s  reach a m a x i m u m  dev ia t ion  of -0.65' i n  p i t c h  and 
-0.69' i n  yaw [ f i g .  4 ( d ) ] .  

The veh ic l e  i s  much l i g h t e r  dur ing  

The r a t e s ,  a t t i t u d e s ,  and a t t i t u d e  e r r o r s  t h a t  are monitored by 
t h e  SCS system on FDAI-2 a r e  presented  i n  f i g u r e s  ) .+(e) ,  4 ( f ) ,  and 4 ( g ) ,  
r e s p e c t i v e l y .  

The tGO c a l c u l a t i o n  [ f i g .  4 ( h ) ]  i s  updated every 2 seconds from 

4 through 1 0  seconds; t hen  tGO < 4 seconds and i s  not  updated again.  

t o t a l  v [ f i g .  4 ( i ) ] ,  v components i n  c o n t r o l  coord ina tes  [ f i g .  4 ( j ) l ,  
and v e l o c i t y  along t h e  X-body axis [ f i g .  4 ( k ) ]  were obta ined  from 
monitoring the  onboard d i sp lays .  The cross-axis  v e l o c i t y  [ f i g .  4 ( 1 )  1 
r e s u l t e d  i n  an e r r o r  of 0.39 fps  a f te r  a v e l o c i t y  of  1 .13  f p s  w a s  obtained 
during t h e  burn. 
4 ( n ) ,  and 4 ( 0 ) .  

The 

g g 

The t r a j e c t o r y  e f f e c t s  are shown i n  f i g u r e s  4(m), 

4 . 5  Transear th  I n s e r t i o n  Maneuver ( T E I )  

The f i f t h  SPS burn i s  t h e  f i r s t  undocked burn f o r  t h e  CSM. It i s  
designed t o  d i r e c t  t h e  spacec ra f t  on an e a r t h  r e t u r n  t r a j e c t o r y .  The T E I  
burn c o n s i s t s  of an e x t e r n a l  AV t a r g e t  of 3622.53 f p s  and a burn du ra t ion  
of 168.8 seconds. 



7 

The SPS engine i s  misal ined 0.3' i n  p i t c h  and 0.3' i n  yaw. The 
DAP comes on a t  0.66 second and d r i v e s  t h e  SPS engine [ f i g .  5 ( a ) ]  
t o  damp out  t h e  veh ic l e  r a t e s  [ f i g .  5 ( b ) ]  t h a t  b u i l d  up because of t h e  
i n i t i a l  m i s t r i m .  The SPS engine a l s o  t r a c k s  t h e  c .g .  dur ing  t h e  burn ,  
s p e c i f i c a l l y  i n  t h e  Y d i r e c t i o n  [ f i g .  5 ( a ) ] .  
e s s e n t i a l l y  are damped out  after m a x i m u m  r a t e s  of 0.19 deg/sec i n  p i t c h  
and 0.23 deg/sec i n  yaw are obtained.  The i n i t i a l  engine misalinement 
e f f e c t s  on t h e  IMU gimbal angles  are shown i n  f i g u r e  5 ( c ) .  
misalinement i s  co r rec t ed ,  t h e  yaw angle  inc reases  u n t i l  c u t o f f  occurs 
because t h e  c .g .  s h i f t s  i n  t h e  yaw d i r e c t i o n .  The c o n t r o l  system keeps 
t h e  t h r u s t  d i r e c t i o n  towards t h e  t a r g e t ;  and, as t h e  c .g .  changes,  t h e  
body a t t i t u d e  changes. The a t t i t u d e  e r r o r s  [ f i g .  5 ( d )  1 remain s m a l l  
because t h e  c o n t r o l  system i s  homing i n  on t h e  t a r g e t .  

The v e h i c l e  body rates 

After t h e  

The SCS r a t e s  [ f i g .  5 ( e ) ]  and a t t i t u d e s  [ f i g .  S ( f ) ]  v e r i f y  t h e  
G&N r e s u l t s ,  bu t  t h e  SCS a t t i t u d e  e r r o r s  [ f i g .  5 ( g ) ]  are d i f f e r e n t .  
This  d i f f e r e n c e  i s  a t t r i b u t e d  t o  t h e  d i f f e r e n t  methods by which they  
are computed. 

The tGO [ f i g .  5 ( h ) ] ,  t h e  t o t a l  V [ f i g .  5 ( i ) ] ,  t h e  V components 
g g 

[ f i g .  5 ( j ) ]  i n  c o n t r o l  coordinates ,  and t h e  EMS decremented v e l o c i t y  
[ f i g .  5 ( k ) ]  show t h e  t i m e  h i s t o r i e s  of t h e  a v a i l a b l e  onboard d i s p l a y s .  

The cross-axis  v e l o c i t y  e r r o r  i s  presented  i n  f i g u r e  5 ( 1 ) .  
v e h i c l e  conf igura t ion  i s  much l i g h t e r  t han  f o r  t h e  previous burns ;  
t h e r e f o r e ,  higher  r a t e s  and g r e a t e r  cross-axis  v e l o c i t y  e r r o r s  can be  
expected.  
whi le  t h e  i n i t i a l  m i s t r i m  i s  being co r rec t ed  then  i n c r e a s e s  t o  3.3 f p s  
b e f o r e  being dr iven  back t o  0.8 fps at  c u t o f f .  

The 

The v e l o c i t y  e r r o r  l e v e l s  out  a t  approximately 2 .4  f p s  

The p red ic t ed  apogee and per igee p l o t  [ f i g .  5 ( m ) ]  shows t h e  
s p a c e c r a f t  l eav ing  a c i r c u l a r  o r b i t  as t h e  p red ic t ed  apogee extends 
beyond t h e  t o p  of t h e  p l o t .  The a l t i t u d e  [ f i g .  5 ( n ) ]  a l s o  inc reases  a t  
t h e  end of  t h e  burn ,  which ind ica t e s  t h a t  t h e  spacec ra f t  i s  going i n t o  
a h igh  e l l i p t i c a l  o r b i t .  This  increase  i s  a l s o  v e r i f i e d  by t h e  inc reas ing  
i n e r t i a l  v e l o c i t y  versus  i n e r t i a l  f l i g h t - p a t h  angle  [ f i g .  5 ( 0 ) ] .  

5.0 CONCLUSIONS 

The fol lowing i s  a summary of conclusions t h a t  were reached from 
t h i s  a n a l y s i s .  

1. These new DAP ga ins  respond more quick ly  t o  t h e  i n i t i a l  e r r o r s  
and prevent  high cross-axis  v e l o c i t y  errors. 
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2. For a fully loaded vehicle, the acceleration is small and does 
not build up significantly high cross-axis velocity errors. 

3 .  The duration of the long burns such as LOI-1  gives the guidance 
and control system time to null practically all of the cross-axis velocity 
errors by cutoff. 

4. The T E I  burn is a CSM-only maneuver. Because this burn is done 
with a light vehicle configuration, higher rates and greater cross-axis 
velocities can be expected during the burn. 
of sufficient duration to null almost all of the velocity errors. 

However, this maneuver is 



9 

I' 

*d 
I 

H 
0 
c-7 

0 L n M  r- Ln ln M ( u  W o a  

a t -  (u 
(u a d M t - ( u I  t - - L n  .. M v) I d \ D  l n d  

0 ' 1  < 
d 

9 9  9 p 1 - f .  " " 9  
m o  0 3 a w  ( u ( u  

-? 

- " 
(u In 
r- 
d 

ln 
.. 

M M W 
m 

? I n  

F1 
03 

M 

M 

. .  co .. 
m 

0 
F1 

a m 

o m  (3 0 r l c o L n  Ln O d  

L n d  m a  a m  
L A  

" "  Ln 

Ln 0 o\ C n d  0 
9 9 ? " ?  " 

5 m m  d d l  

c1 

0;\1 t- 

co u3 
(u 

-3 
a d 

0 

.. a m 

8 
x 
c, 
.rl 
V 
0 
d 

d 
cd 

*rl 
c, 
k w 
d 
H 

10 
Pi 
k 

n 

x 
5 

10 
PI 
k 

n 

w > a 

m 
Pi 
k 

N > a 

h[ w a 

d 
0 
*rl 
c, 
cd 
d 

.rl 
d u 
d 
H 



10 

d P- t - c n  m c n  " <  
c n t -  
L n L n  

d 

1 9  
m m  

Y 
0 O L n  I 

Ln 
c u f  r- co cn 

X I 0  0 0 0 
9 1  

n c o  P- 0. p: . .  
m co 

I 
-1 

H w 
E. 

d P- t - c n  m c n  " <  
c n t -  

Ln Y 1 9  c u f  r- co cn n c o  P- 0. p: . .  
X I 0  0 0 0 0 I 9 E m  L n L n  
9 1  

cu 
I 

H 
0 
crl 

r- 
I 
H 
0 
4 

co -1 

Ln cn t - 0  o m  
? ?  
5;s; 

? ; f  Ln L n  m 

t o  0 0 0 
i I  

? ?  
c o o  
f 
M 

F 
0 

I I 

F 
0 

? ?  0.i I ? 
rl 

: s ?  o c o  cu d 0 d L n  0 0  
? ?  

I I C O I  i o  0 0 0 
0 1  
r7 

c o t -  
L n L n  

d 
3 0  

3 
Ln 

< 
0 

r7 . .  f 0 0. 0. < 
0 
I 

(u r - 0  
" p :  
c n r -  
r - m  
t- 

f ? "  o m  m cn 

0 0  0 0 0 
1 

0 
l 

" 2  5 cu 
0 
I 

t- I 

co t- 
f 

f 
d d 

m 
!=4 
k 

X 
M + 

m 
!=4 
h 

B + 

u) a 
k 

N 
M + 

M 

2 
k 
0 
k 
k aJ 

x 
f) 
.d 
u 
0 
d aJ > 
r- 
cd 
T- 

f) 
k 
0 a 
H 

f 



5 

, 4  

3 

2 

m 
g 1  
Q) 

8 

- 
m 

, “ o  S .- 
m 
S 
W 

v) 

v) 
a -1 

-2 

-3 

-4 

-5 
1.8 

(a) SPS engine angles. 

Figure 1. - Evasive maneuver burn parameters. 
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